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Background: Pacific bluefin tuna (Thunnus orientalis) spawning adults, juveniles and larvae are all reported to
occur in areas between Philippine Sea and Japan Sea. However, no DNA evidence has been generated to
support this.
Context and purpose of the study: In this study, Pacific bluefin tuna caught North of Polilio Island in the
Philippine Pacific Seaboard, was identified through DNA barcoding using mitochondrial DNA D-loop region
and cytochrome oxidase 1 gene.
Findings: The results show clustering of Philippine-caught bluefin tuna D-loop and CO1 sequences with
published reference sequences for T. orientalis and supported by pairwise distances <0.034.
Conclusion: This study provides the first DNA evidence on the occurrence of T. orientalis in Philippine waters.
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Introduction
Pacific bluefin tuna Thunnus orientalis, (Temminck &
Schlegel, 1843) is considered as one of the most com-
mercially important tuna species, highly priced reaching
up to 100,000 US dollars per piece (Volpe 2005). The
International Scientific Committee for Tuna and Tuna-
like Species in the North Pacific Ocean (ISC) indicated
that overfishing of T. orientalis is happening and the
stock is overfished based on several biological reference
points commonly used by fisheries managers, hence it is
placed as Vulnerable on the International Union for
Conservation of Nature (IUCN) Red List Category &
Criteria and the current population trend is declared as
Decreasing (Collette et al. 2014).
Pacific bluefin tuna, mainly distributed in the North-
ern Pacific Ocean, is known to be epipelagic found in* Correspondence: mudjiesantos@gmail.com
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2014). They are usually found in waters of Japan,
Korea, Guam, China, Papua New Guinea, and Taiwan
(Collette et al. 2014). Tagging studies revealed that the
movement pattern of T. orientalis is divided into two
phases, residency and travelling. It was observed that
Pacific bluefin tuna remain in areas of the East China
Sea particularly in waters of east coast of Choshi, east
coast of Hokkaido in the Western Pacific Ocean,
Southern California, and Baja California, which are the
four recognized major fishing grounds of Pacific blue-
fin tuna (Itoh et al. 2003).
Lewis (2012) suggested that quantities of juvenile
Pacific Bluefin tuna T. orientalis may regularly occur in
northern Philippine waters based on anecdotal reports
and seasonal catch reports of adult spawning bluefin
tuna by Taiwanese longliners. Particularly, actual land-
based survey conducted in June 2005 yielded circum-
stantial evidence on the presence of juvenile Pacific
bluefin tuna (1–6 kgs) in the waters of Cagayan Pro-
vince from March to April. Moreover, the spawning
grounds of T. orientalis were reported to occur fromicle is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
changes were made. The Creative Commons Public Domain Dedication waiver
ro/1.0/) applies to the data made available in this article, unless otherwise stated.
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kyu Islands in the North-western Pacific Ocean and
juvenile T. orientalis are eventually transported near the
Japan coastline by the Kuroshio Current (Itoh et al. 2003;
Tanaka et al. 2006). Finally, IUCN listed Philippines as
one of the countries where T. orientalis might occur
(Collette et al. 2014).
While it is generally accepted that Pacific bluefin tuna,
T. orientalis occur in northern Philippine waters, there
has been no DNA analysis, which is considered a direct
evidence of species identification, done thus far to sup-
port this. Here, we present the first DNA evidence to
support the identification of a large tuna caught North
of Polilio Island, Luzon as Pacific bluefin tuna T.
orientalis.Materials and methods
On May 16, 2015, a large tuna, initially identified by
the fishermen as “bluefin tuna” (Fig. 1) was caught
off North of Polilio Island by a hook and line fishing
boat (FB PRINCE JIAN) based in Barangay Dinahi-
can, Infanta, Quezon, Philippines. The boat captain
was Mr. John Jay P. Paje Jr. and the fisherman who
caught the “bluefin tuna” was Mr. Rojon Gian. Spe-
cific coordinates where the tuna was caught wereFig. 1 Philippine Bluefin Tuna caught on May 16, 2015 in
the Philippinesrecorded at 15° 23.570 N, 121° 59.868 E (Fig. 2). The
fish was delivered to the Malabon fish port and was
recorded with a weight of approximately 300 kg and
girth of 206 cm. Further information on sample
collection is indicated in Additional file 1: Tables S1 and
S2. Fin sample from the “bluefin tuna” (Additional file 1:
Figure S1) was delivered by Ms. Ellaine Garvilles of
NFRDI to the NFRDI-Genetic Fingerprinting Laboratory
(GFL) last July 29, 2015 for DNA-based identification.
Genomic DNA from the fin sample was extracted
using DNeasy Blood & Tissue Kit (QIAGEN) follow-
ing the manufacturer’s guidelines. Genetic markers,
mitochondrial DNA fragment covering the 5’ variable
portion of the control region (D-loop) and cyto-
chrome oxidase 1 (CO1), are considered as efficient
and powerful tool for identification of fish species in-
cluding tunas, hence these were used in this study
(Ward et al. 2005; Paine et al. 2007; Kunal et al.
2013). The ~600 bp fragment of D-loop was ampli-
fied using the primers CB3R420 (5’-CCCCCTAAC
TCCCAAAGCTAGG-3’) and 12Sar430 (GCCTGCG
GGGCTTTCTAGGGCC-3’) (Santos et al. 2010). The
reaction mixture for amplification of CO1 had a final
volume of 26 μL containing 2 μL of template DNA
in 1x PCR Buffer and reagents with final concentra-
tion as follows: 0.2 mM dNTPs, 2.4 mM MgCl2,
0.8 μM each primers, 1 unit Taq polymerase (KAPA
Biosystems), and ultrapure ddH2O. Tubes containing
PCR mix were subjected to the conditions as follows:
initial denaturation at 94 °C for 5 min; 38 cycles of
denaturation at 94 °C for 1 min, annealing at 50 °C
for 1 min, extension at 72 °C for 1 min; and final de-
naturation at 72 °C for 5 min. On the other hand,
the ~650 bp fragment of CO1 was amplified using





AA-3’), and Fr1d_t1 (5’-CAGGAAACAGCTATGACA
CCTCAGGGTGTCCGAARAAYCARAA-3’) (Ivanova
et al. 2007). The reaction mixture for amplification of
CO1 had a final volume of 26 μL containing 2 μL of
template DNA in 1x PCR Buffer and reagents with
final concentration as follows: 0.2 mM dNTPs,
2.4 mM MgCl2, 0.8 μM each primers, 1 unit Taq
polymerase (KAPA Biosystems), and ultrapure ddH2O.
Tubes containing PCR mix were subjected to the
conditions as follows: initial denaturation at 94 °C for
2 min; 38 cycles of denaturation at 94 °C for 30 s,
annealing at 52 °C for 40 s, extension at 72 °C for
1 min; and final denaturation at 72 °C for 10 min.
Positive amplicons were outsourced to Macrogen Inc.
(Korea) for sequencing.
Fig. 2 Location of Bluefin Tuna catch in the Philippine Sea
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aligned and edited using Geneious 6.1.8 software. Con-
sensus sequences were compared to those in GenBank
using Basic Local Alignment Tool (BLAST), and CO1
and D-loop GenBank sequences (http://www.ncbi.nlm.
nih.gov/genbank/) with identity >90 % and with pub-
lished reports were used along with the sequences from
this study in subsequent alignments using Molecular
Evolutionary Genetics Analysis (MEGA) 6.0 (Tamuraet al. 2013). ClustalW method was used for aligning
DNA sequences together with the reference sequence.
Specifically, genetic identification was inferred using
Neighbor-Joining (NJ) method (Saitou & Nei 1987)
based on the Tamura 3-parameter (Tamura 1992) and
Kimura 2-parameter (K2P) model (Kimura 1980) for
D-loop and CO1 sequence analysis, correspondingly,
with 500 bootstrap replications. The percentage of rep-
licate trees in which the associated taxa clustered
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70 % were considered reliable (Hillis and Bull 1993),
was shown next to the branches (Felsenstein 1985).
Divergence between sequences in the units of base
substitutions per site was also analysed. All positions
containing gaps and missing data were eliminated. D-
loop and CO1 sequence from Katsuwonus pelamis and
T. tonggol, respectively, were used as the root because
these are members of the most closely related genus.Results and discussion
Analysis of the generated D-loop sequence (GenBank
accession no: KU058180.1) and partial CO1 sequence
(GenBank accession no: KU058179.1) from the Philippine
“bluefin tuna” using BLAST search showed 99 % and
100 % similarity, respectively, with published reference
sequences for T. orientalis. The D-loop analysis involved
27 nucleotide sequences having 248 positions in the final
dataset while CO1 analysis involved 24 nucleotide se-
quences having 536 positions in the final dataset.Fig. 3 Neighbour Joining Tree of D-loop sequences from Philippine Bluefin
All reference sequences were obtained from GenBank with their accessionFor D-loop sequence analysis, the phylogenetic tree
(Fig. 3) inferred from Neighbour Joining method
using Tamura 3-parameter model shows that the
obtained D-loop sequence from the Philippine “blue-
fin tuna” belonged to the same clade as T. orientalis,
supported by a significant bootstrap value of 100.
Similar findings were concluded for the CO1 se-
quence analysis, wherein the phylogenetic tree (Fig. 4)
inferred from Neighbour Joining method using
Kimura 2-parameter model shows that the obtained
CO1 sequence for the Philippine bluefin tuna clus-
tered with T. orientalis.
In addition to this, computed average genetic dis-
tances among the D-loop (Table 1) and CO1 (Table 2)
sequences also validated the identity of the Philippine
bluefin tuna as T. orientalis with mean genetic distances
occurring at 0.034 and 0.000, for D-loop and CO1,
respectively. These values of nucleotide differences
strengthen positive identification of the Philippine
“bluefin tuna” as T. orientalis. Multiple alignment of
Philippine bluefin tuna D-loop and CO1 sequences withTuna and reference sequences using the Tamura 3-parameter model.
numbers indicated within the parentheses
Fig. 4 Neighbour Joining Tree of CO1 sequences from Philippine Bluefin Tuna and reference sequences using the Kimura 2-parameter model. All
reference sequences were obtained from GenBank with their accession numbers indicated within the parentheses
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Figure S2 and S3, respectively.
The region of mtDNA control region D-loop
showed high accuracy in distinguishing among tuna
species particularly yellowfin (T. albacares) and bigeye
(T. obesus) tunas (Pedrosa Gerasmio et al. 2012). On
the other hand, the efficiency of CO1 as marker for
differentiating tuna species was previously considered
problematic (Viñas & Tudela 2009). In this study, D-
loop marker coupled with CO1 served positive identi-
fication of T. orientalis.
The present study confirms the presence of the Pacific
bluefin tuna, T. orientalis in northern Philippine waters
using DNA analysis and Lewis (2012), Collette et al.Table 1 Average pairwise genetic distances between D-loop sequen
1 2
1 Philippine Bluefin Tuna D-loop
2 Thunnus orientalis 0.034
3 Thunnus thynnus 0.115 0.117
4 Thunnus alalunga 0.112 0.111
5 Thunnus maccoyii 0.155 0.147
6 Thunnus obesus 0.121 0.124
7 Katsuwonus pelamis 0.333 0.338(2014) and other researchers on the occurrence of Pacific
bluefin tuna in northern Philippines.
Such identification add to the diversity of various
tuna species recorded in the country. Moreover, it
should support the previous proposal of the Compre-
hensive National Fisheries Industry Development Plan
(CNFIDP) that considers T. orientalis as one of the
species which could contribute to the sustainability of
the commercial fisheries sub-sector in the Philippines.
The confirmation of the existence of T. orientalis in
Philippine waters highlights now the important role
of the Philippines in conserving and sustaining this
commercially important but vulnerable tuna species
together with other range states.ces of Philippine Bluefin tuna and reference species




0.355 0.363 0.339 0.329
Table 2 Average pairwise genetic distances between CO1 sequences of Philippine Bluefin tuna and reference species
1 2 3 4 5 6 7
1 Philippine Bluefin Tuna CO1
2 Thunnus orientalis 0.000
3 Thunnus alalunga 0.002 0.002
4 Thunnus thynnus 0.016 0.016 0.014
5 Thunnus maccoyii 0.016 0.016 0.014 0.009
6 Thunnus obesus 0.019 0.019 0.017 0.011 0.013
7 Thunnus tonggol 0.037 0.037 0.035 0.029 0.030 0.029
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